ABSTRACT Residing in a high-poverty area has consistently been associated with higher mortality rates, but the association between poverty and mortality can change over time. We examine the association between neighborhood poverty and mortality in New York City (NYC) during 1990-2010 to document mortality disparity changes over time and determine causes of death for which disparities are greatest. We used NYC and New York state mortality data for years 1990, 2000, and 2010 to calculate all-cause and cause-specific age-adjusted death rates (AADRs) by census tract poverty (CTP), which is the proportion of persons in a census tract living below the federal poverty threshold. We calculated mortality disparities, measured as the difference in AADR between the lowest and highest CTP groups, within and across race/ethnicity, nativity, and sex categories by year. We observed higher all-cause AADRs with higher CTP for each year for all race/ethnicities, both sexes, and US-born persons. Mortality disparities decreased progressively during 1990-2010 for the NYC population overall, for each race/ethnic group, and for the majority of causes of death. The overall mortality disparity between the highest and lowest CTP groups during 2010 was 2.55 deaths/ 1000 population. The largest contributors to mortality disparities were heart disease (51.52 deaths/100,000 population), human immunodeficiency virus (19.96/100,000 population), and diabetes (19.59/100,000 population). We show that progress was made in narrowing socioeconomic disparities in mortality during 1990-2010, but substantial disparities remain. Future efforts toward achieving health equity in NYC mortality should focus on areas contributing most to disparities.
INTRODUCTION
A major goal of Healthy People 2020 is to achieve health equity and eliminate health disparities, including those that are based on socioeconomic status (SES) in addition to those on the basis of sex and race/ethnicity. 1 To set priorities for eliminating health disparities, knowledge of where disparities exist and direction they are trending is important.
Mortality rates have declined in New York City (NYC) during the study period. In an analysis spanning 1990-2001, racial/ethnic minorities and residents of lower income neighborhoods experienced a proportionally greater decline in mortality compared with whites and residents of higher income neighborhoods. 2 Nonetheless, substantial gaps remained with all-cause mortality rates 1.6 times higher among NYC's poorest neighborhoods, compared with wealthiest neighborhoods. All-cause mortality rates have continued to decline since 2001, 3 but subgroup and causespecific trends by SES have not been described.
We describe the association between census tract-level poverty and mortality for three time points during a 20-year period, from 1990 to 2010. Census tract-level poverty is used as a standard SES variable in NYC, particularly for vital statistics data, which lack individual SES status but include a residential address. 4 We explore this association within and among groups defined by race/ethnicity, nativity, and sex. Moreover, we investigate the contribution of specific causes of death to mortality disparities during that time. These analyses serve as baseline data for setting priorities and enable us to periodically assess progress in reducing socioeconomic mortality disparities over time. They also might provide a helpful example for other jurisdictions that have not examined mortality data by using SES measures.
METHODS

Data Sources
Mortality data were derived from NYC Department of Health and Mental Hygiene and New York State Department of Health vital statistics data files for years 1990, 2000, and 2010, coinciding with the decennial census when population counts and census tract poverty determinations are most accurate. These data included information regarding cause of death, age, sex, race/ethnicity, nativity, and census tract of residence at time of death. We coded underlying causes of death into mutually exclusive categories following National Center for Health Statistics standards by using the International Classification of Disease, Ninth Revision for 1990 deaths and Tenth Revision for 2000 and 2010 deaths. NYC census tractspecific population estimates by age, sex, and race/ethnic group stratified by poverty level were obtained from the 1990, 2000, and 2010 U.S. Census Bureau; 1990 population estimates were compiled by New York City Department of City Planning. This study underwent human subjects review at the Centers for Disease Control and Prevention and was determined to be non-research public health surveillance.
Census Tract-Level Poverty Each death was geocoded to a specific census tract on the basis of residential street address at death. Census tract-level poverty was measured as the population percentage in a census tract living below the federal poverty threshold. Census tract poverty is a validated SES measure that correlates with individual-level measures and captures neighborhood-specific socioeconomic features that might apply to all persons residing in a given neighborhood. [5] [6] [7] Census tract poverty estimates were obtained from the 1990 and 2000 U.S. Census Bureau long form sample for the years 1990 and 2000 and from the 2008-2012 American Community Survey for 2010. We defined six census tract poverty categories as follows: neighborhoods with G5 %, 5-G10 %, 10-G20 %, 20-G30 %, 30-G40 %, or ≥40 % of households living below the federal poverty threshold. For analyses with smaller counts (i.e., causes of death) we collapsed census tract poverty to the following four levels: G10 %, 10-G 20 %, 20-G30 %, and ≥30 %.
Race/Ethnicity and Nativity For 2000 and 2010 data, analysis by race/ethnicity was limited to four race/ethnic categories, including non-Hispanic white, non-Hispanic black, Hispanic, and nonHispanic Asian, comprising approximately 96 % of the NYC population. Denominator data for the non-Hispanic Asian category were unavailable for 1990; therefore, three race/ethnic categories comprising 93 % of the NYC population were used for 1990 data. Observations belonging to other race/ethnic categories (e.g., Native American) or with unknown race/ethnicity were excluded from analyses where race/ethnicity was a covariate. An option to select multiple races was added to US Census forms in 2000 and to NYC death certificates in 2003. In 2000, 2.8 % of the NYC population was estimated by the US Census as belonging to multiple races and was excluded from the denominator. In 2010 an estimated 1.8 % of the NYC population was excluded from the denominator and 0.4 % of NYC deaths were excluded from the numerator as belonging to multiple races. Nativity was dichotomized as US-born (states or territories in the USA) or foreign-born persons. Population denominators for nativity at the census tract-level were estimated from the U. 
Mortality Rates and Excess SES-Related Deaths
We computed all-cause age-adjusted death rates (AADRs) by 6-category census tract poverty, race/ethnicity, nativity, and sex for 1990, 2000, and 2010. We also calculated cause-specific AADRs for the 10 leading causes of death by four-category census tract poverty for 1990, 2000, and 2010. We calculated differences in allcause and cause-specific AADRs between the highest and lowest census tract poverty groups during 1990-2010. All AADRs were standardized to the 2000 US projected population. In order to estimate excess deaths during 2010 related to census tract poverty, we applied age-specific death rates for the highest SES census tracts (G5 % below poverty) to the age-specific population denominators for each of the other census tract poverty groups to determine the expected number of deaths should each group have the same mortality rates as the highest SES census tracts. We then subtracted the expected from the observed number of deaths to determine the excess. We tested the statistical significance of changes in mortality rates over time by using the chi-square test for trend.
RESULTS
All-Cause Mortality
From 1990 to 2010, NYC's population distribution shifted away from the highest (≥40 %) and two lowest (G10 %) census tract poverty groups toward a progressively greater proportion of the population residing in middle poverty census tracts, particularly the poorer middle poverty groups ( Table 1 ). The proportion of the population residing in census tracts with 20 to 40 % of the population living below the federal poverty threshold increased from 24 % during 1990 to 34 % Table 1 ). The decrease was largest for the high poverty group, narrowing the disparity (difference in rates) between the high and low poverty groups from 5.65/ 1000 population during 1990 to 2.55/1000 population during 2010. Higher AADRs were observed with higher census tract poverty for each of the three years (Table 1 ). This pattern was also observed upon examination of mortality by census tract poverty within race/ethnic groups and sex categories. Within each race/ethnic group, a progressive decrease in mortality occurred during the 20-year period and the mortality disparity between high and low poverty groups decreased (Fig. 1a-c) .
The mortality disparity between high and low poverty groups decreased significantly among non-Hispanic whites (from 8.48 during 1990 to 2.16 during 2010), * Hispanics (from 4.73 to 1.66) 1 and non-Hispanic blacks (from 6.91 to 4.23).
1 Data for non-Hispanic Asians were not available for 1990. Mortality disparity decreased among non-Hispanic Asians from 3.02 during 2000 to 1.08 during 2010 but this difference was not statistically significant. Similarly, a progressive decrease in mortality over time for males and females in all poverty groups was observed, with larger decreases observed in the high poverty groups. Moreover, larger decreases were observed in mortality for males than females, resulting in a narrowing of the disparity between males and females. The decrease in AADR during 1990-2010 was 5.27 among males 1 and 2.76 among females 1 , resulting in a decrease in the male to female mortality disparity from 4.78 during 1990 to 2.27 during 2010.
The results by nativity were more complex, with findings among the US-born population similar to the overall findings, whereas findings among the foreign-born population were less consistent. Among US-born persons, higher AADRs were observed with higher census tract poverty for each period, and a progressive decrease in mortality over time for each of the six poverty groups was detected ( Table 2 ). The decrease was largest for the high poverty group, narrowing the difference in rates among high and low poverty groups from 6.41 during 1990 to 2.93 during 2010.
Among foreign-born persons, a U-shaped association was observed between mortality and census tract poverty during 1990 and 2000, with higher AADRs among the high and low poverty groups than the middle poverty groups. However, progressively higher AADRs were observed with higher census tract poverty during 2010 (Table 2) . Mortality disparities between the high and low poverty groups were much more limited among foreign-born than US-born persons. Although a progressive decrease in mortality over time for each of the six poverty groups occurred, the decrease during 1990-2010 was greater for those in the low poverty group than in the high poverty group (6.05/1000 population versus 4.41/1000 population).
The mortality disparity between the US-born and foreign-born populations changed over time. During 1990, all-cause AADR was slightly higher for foreignborn than US-born persons (Table 2) among foreign-born persons. By census tract poverty, AADRs were lower among foreign-born persons for the three highest census tract poverty groups in all three periods. During 2010, AADR was approximately equal for foreign-born and USborn persons among the low poverty group, but was lower among foreign-born persons for all other census tract poverty groups with the biggest differences between foreign-born and US-born mortality rates among the high poverty groups.
Cause-Specific Mortality
Cause-specific AADRs decreased over time for each leading cause of death except diabetes mellitus and hypertension and renal diseases. The largest decreases among overall AADRs were observed for heart diseases (175.39/100,000 population), malignant neoplasms (54.13/100,000 population), and human immunodeficiency virus (HIV) disease (46.73/100,000 population) ( Table 3) . During 1990, mortality was progressively greater with higher census tract poverty for all leading causes of death except malignant neoplasms and accidents excluding drug poisoning, for which mortality was highest among the high poverty group, but approximately equal in all other poverty groups (Supplemental Table) . The disparities between high and low poverty groups during 1990 were largest for HIV (62.73 deaths/100,000 population), heart diseases (64.77/100,000 population), and homicide (48.92/100,000 population) (Fig. 2) . During 1990-2010, the disparity between high and low poverty groups lessened for all causes of death except diabetes mellitus and hypertension and renal disease (Fig. 2) . The largest narrowing of disparities was observed for HIV and homicide.
Disparities decreased progressively during 1990-2010 for the majority of causes of death, but exceptions occurred. Disparities in heart diseases and chronic lower respiratory diseases decreased from 1990 to 2000, but increased from 2000 to 2010. Conversely, disparities in diabetes mellitus and hypertension and renal disease increased from 1990 to 2000, but decreased from 2000 to 2010 (Fig. 2) . The disparities between high and low poverty groups during 2010 were largest for heart diseases (51.52 deaths/100,000 population), diabetes mellitus (19.96/100,000 population), and HIV (19.59/100,000 population) with these three contributing 45 % of the overall mortality disparity between high and low poverty groups.
Excess SES-Related Deaths
There were a total of 5915 excess SES-related deaths in 2010. Of these, 98 were in the 5-G10 % census tract poverty group, 994 were in the 10-G20 % group, 1656 were in the 20-G30 % group, 1647 were in the 30-G40 % group, and 1520 were in the ≥40 % group. The percentage of all deaths that were excess SES-related increased with increasing census tract poverty. Excess SES-related deaths made up 1.0 % of all deaths in the 5-G10 % group, 6.9 % of deaths in the 10-G20 % group, 16 .0 % in the 20-G30 % group, 26.0 % in the 30-G40 % group, and 34.8 % in the ≥40 % group.
DISCUSSION
We observed progressively higher all-cause mortality rates with higher census tract poverty at each of the three periods examined. This pattern was apparent within each racial/ethnic group, among both sexes, and for the majority of causes of death. Encouragingly, mortality disparities narrowed between the highest and lowest poverty groups during the 20-year period overall, within racial/ethnic groups, among both sexes, and for the majority of causes of death.
The NYC mortality trends described here differ substantially from national patterns. During 1990, the NYC all-cause AADR was 5 % higher than the US rate (9.89/1000 population versus 9.39/1000 population) 8 , but dropped to 11.5 % lower than the US rate during 2000 and 19.0 % lower than the US rate during 2010. Moreover, the AADR decreased more in NYC than nationally among both nonHispanic whites and non-Hispanic blacks during the 20-year period. Although the National Center for Health Statistics trend data does not include an SES measure 8 , multiple analyses of national data and one analysis of the Chicago population have revealed increasing disparities in all-cause mortality from 1990 to 2000 by using area-based SES measures. [9] [10] [11] [12] By contrast, SES-related mortality disparities in NYC decreased from 1990 to 2000 overall and for the majority of leading causes of death. Disparities continued to decrease through 2010, demonstrating a point highlighted by Krieger and colleagues that socioeconomic inequalities in mortality can shrink and need not inevitably rise. 10 Multiple explanations and hypotheses exist for the faster decline in mortality rates and socioeconomic mortality disparities in NYC. The HIV/AIDS epidemic had a large impact on overall NYC mortality trends. In 1999, NYC had reported approximately 16 % of all HIV cases in the US despite having less than 3 % of the US Population. 13 There were over 4342 HIV deaths in 1990, comprising approximately 6.1 % of total NYC deaths that year. By 2010 the number of HIV deaths had dropped to 802, comprising 1.6 % of total deaths. The large drop in HIV mortality occurred mostly among Hispanics, non-Hispanic blacks, males and the poor (cause-specific race/ethnicity and sex data not shown) and contributed substantially to narrowing disparities in NYC. Similarly, the decline in homicide deaths from 2055 (2.9 % of total deaths) in 1990 to 511 (1.0 % of total deaths) in 2010 occurred among the same population groups and further contributed to the reduction of NYC disparities (data not shown).
Higher than national average in-migration of healthy persons and out-migration of the less healthy might have contributed to a faster apparent mortality decline among US-born persons. However, no studies examining this hypothesis exist. Such studies are needed. Additionally, NYC has a substantial percentage of international immigrants. 14 Lower mortality rates among foreign-born persons than those among the US-born could have contributed to the mortality decline. 15 However this analysis demonstrated decreases in mortality rates and mortality disparities among both US-born and foreignborn persons. Finally, NYC has long had aggressive public health initiatives to combat major contributors to mortality, with a focus on public policy and prevention efforts among low SES areas of the city. These include intensive tobacco control measures, 16 ongoing aggressive identification and treatment of persons infected with HIV, 17 monitoring and initiating efforts to reduce obesity and diabetes, 18 increased colorectal cancer screening, and outreach to neighborhoods with poor population health indicators through three district public health offices, which conduct activities including delivery of preventive services for hypertension and outreach to limit consumption of sugary drinks. 18 These efforts might have contributed to the continued mortality disparity reductions during 2000-2010.
The findings of this analysis have implications for continued efforts to eliminate SES-related health and mortality disparities. The following six causes of death contribute to the majority of the remaining SES-related disparities in 2010: heart disease, HIV/AIDS, diabetes, malignant neoplasms, homicide, and hypertension and renal disease. To continue to reduce these SES-related health inequities, we need to assure that prevention efforts occur among not just the population as a whole, but especially among neighborhoods and communities with poor social and economic conditions for persons who are at highest risk.
Multiple limitations exist that might call for cautious interpretation of these data. First, the data exclude NYC residents who died outside of New York State, which account for approximately 3 % of total NYC deaths. 19, 20 Second, poverty groups were assigned on the basis of census tract of residence at the time of death and might not reflect decedents' SES during the majority of their lifetimes. Further, the NYC population has a substantial rate of turnover and immigration, and migration patterns have changed over time.
14 For example, the foreign-born population increased as a proportion of the total NYC population from 28 % in 1990 to 37 % in 2010. The foreign-born population also changed with respect to region of origin. From 1990 to 2010, the proportion of foreign-born individuals from Latin America increased from 28 to 32 %, those from Asia also increased from 20 to 28 %, and those from Europe decreased from 24 to 16 %. 21 Selective return migration of foreign-born individuals to their country of origin before death may have caused us to underestimate mortality among the foreign-born. An option to select multiple races was added to US Census forms during 2000 and to NYC death certificates during 2003. This caused a slight decrease of race-specific denominators in 2000 and 2010 compared to 1990, and a slight decrease of race-specific numerators in 2010. While this could affect race-specific rates in ways that are uncertain, it is unlikely they would affect the trends reported in this paper. Additionally, race is selfreported on US Census forms and race/ethnicity is reported by a third party on death certificates, therefore the numerator and denominator may represent slightly different populations. Finally, a 2009-2010 quality improvement intervention in eight NYC hospitals that report approximately 13 % of NYC deaths annually reduced the proportion of death certificates reporting heart disease as the cause of death from 69 % to 32 %. This intervention might partially account for the apparent decline in heart disease mortality but would not have affected all-cause mortality rates. 22 
Summary and Conclusions
We found that census tract-level SES disparities in mortality decreased during 1990-2010 in NYC and that mortality decreased faster than in the USA during this period. However, differences in mortality rates between the highest and lowest poverty census tracts remained substantial for all-cause mortality rates and the majority of leading causes of death. Disparities in diabetes and hypertension and renal disease mortality actually increased. During 2010, an estimated 5900 excess deaths occurred among higher poverty groups, compared with the lowest poverty group. Six causes of death accounted for the majority of SES-related disparities as follows: heart disease, HIV, diabetes, malignant neoplasms, homicide and hypertension and renal disease. Future efforts toward achieving health equity in mortality in NYC should focus on these causes of death and their underlying risk factors.
